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"A series of dynamic impact tests were conducted using a prototype seat with an
enargy absorbing mechani sm as part of the seat pan. The seat frame was designed
to represent a typ~cai ,ommiter aircraft passenger seat. Tests were conducted in
an orientation simulating a vertical impact with a 30--degree nose-down aircraft

ttitude. 'The inpact severity for these tests ranged from 15 to 33 Gs. Seat pan
stroke .,nd occupant lumbar reaction forces were measured. Results indicate the
axial force me,:sured in the lumbar spine of a fiftieth percentile Hybrid II dum..2y
car. be. limited to a pe..ik value .. th.. n 15C)0 pounds duriag vertical impact tests
of '33 C wivh a seat pan stroke distLan ce of 6.3 inches. -
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DEVELOPMENT OF A CRASHIWORTHY SEAT

FOR COMMUTER AIRCRAFT

INTRODUCHrON'

Crashworthy seat requiremenits in the Fed- of free space beneath the pan. Part 23 pilot seats
era! Aviation Regulations (lFAIs) were a mended have met the 19 Gs requirement with designs
in 1988 and .989 for aircraft deflned in FAR that inczluded energy absorbing cushions/seat
Parts 23, 25, 27,.and 29 (0 ,2,3,4*). Each of these pzois and "ACjJSA components such as
regulatiAons contains a pass-fail criterion Cor a curved legs that attenuate vertic21A forces by
vertical test condition, which ctates the "maxý- b ending or s,.roktr'g, doA*w-vx-d three to fou x
mumn compressive load measured befwcen the inehc&s (5), In #com'parisork. nil'taty :otorcraft
pelvis and the lumnbar column of Uhe anttropo- pilot. scats dest'qn#A to meet the 50 Gs vertical
morphic dummy (ATD) must not exceed 1500 impact test specification~ of MIL-S-58095 (7,8)
pounds." Evynarntc tests for seats in -normal, require elaborate energy ab~soroing mnechaniisms
utility, and acrobatic aircraft as defined in Part with as much as 14 inches of velittel str.oke
23 Include a test condition that represents a capability. Thus, seats tested at a higher sever-
vertical impact with the pitch aids of the aircraft ity than the, 15 Gs conditIon for Part 23 passen-
oriented in a 30-degree nose-down conflgura- ger seats have required vertical-displacement
tion. The dynamics of the Impact test specify the active KA components that limit the forces re-
velocity must be 31 feet per second (ft/see) with acted at the seat pan in order to enable it to pass
a peak deceleration of 19 Gs for pilot seats or 15 the pe!vic load specification.
Gs for passenger seats,, Requirements in Part 25ComtrAcafSes
of th,! FARs for seats in transport. categoryComtrAcrfSes
aircraft contain a test in the same vertical Im- Commuter aircr-aft are categorized as those
pact orientation with the impart velccdty of 35 ft/ with 19 passenger places and weighing 19,000
sec and a peak deceleration of 14 Gs. Rotoreraft pouncis. Although the airworthiness standards
seat performance requirements in Parts 27 and for commuter aircraft are currently provided in
29 specify the same vertical impact test orienta- FAR Part 23, the size and f~light. performance
tion '%lth a velocity of 30 ft/sec and a peak characteristics of conu-nuter airplanes are In
deceL-ration of 30 Gs. most cases different fromn the characteristics of'

smaller aircraft (weighing less than 12.500)
D~ynamic impact test programs conducted at poundswith seating, capacity of nine passengers

the Federal Aviation Aaministraw Ion's (FAA) Civil or less) also regulated In Part 23. Concerns have
Aeromedical Institute (CAMI), have evaluated been raised within the FAA to address. the verti-
various techniques to meet thle, pelvic load re- cal test severity for conmruter seats as a sepa-
quirement with seats developed for Parts 23 and rate reqjulremenm. fr~om the Part 23 regulaiOns
25 categories of aircraft. as well as military adopted in 1988. Analysis of corrirnuter ?cci-.
iotorcraft. (5.6). Based on the results of these dents and ongoing, -esearch may determnine the
tests, three of the main factors that Influenice the need to change the vertical irmpact. test, sever ity
pelvic load response are: (a) the deceleratbnw- for commnuter aircraft, on the basis of higher
pulse severity, (b) thle eneriy abworbing MEA) ci ash loads experienced by occupants in a
p)roperties of'the vriical loadi paths through thle commulilter aircrail. One proposal for' a conl-
cushion, scat pan, and se~at legs, and Mc ',he router seat vertical test condition is a 32 G s pieak
avail able clearance for iiiinplirpded deforniation tirtang'rtar dec laratiov pulse with a rise .time of
or con troile,ýO 'tr okliiflwneatll- thle seat pan. Part 0.03() secoji cls and an imipact vet x clty of032 Iit,
25) ;.dr I ati seat (I) sý.wngcr, pilot, a id ('rcw) svc.Thle decejera'1)ol pulse shapet , r t hIds 11,11 j)act

rove met the 14 Gs ei. w aiithl PY condition is shown iii F'igurc I, iýoong with tilte

LA- colrpioll(i Lic as a de i(4.nse foani t shiori thiee verti cal tt,--t pilsns, deitieid I hr- (lt Rs.
on a-i ,UIiee awl st it pani w~ith two inches (A
('1ea in(ce 1iý-"Tlealtilt Qle [Kis a-iger sevats lor Hasecil ('0 the rvs iklts frorir Oyf -vic ksts ni
F.A'Xf Paz:1 . hav- - p v~sd Ot' 15 G,,(7 vki: likcr I rst. s-jt s develoyp'1t u pdss cv stlug$ itteiI( oi)re.

*~.~'4S 4A ;InJenl24 ,4 1i, OUf JIL~týA4 LCf 1 dth i t NA 114111' ( t 1.) It

debt orrOIblC (irrle.Xible p~at n with Uhree turches orce criteria whenl sutbJected' to ýA 32sv-Iia



Deceleration Pulses
Parts 23, 25, 27, 29, and "Commuter"
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Figure 1

test condiltion wil r!!quire an active energy ab- must be designed with con~sideration fol the
so~rbing systemn to attenuate vertical frrces in the amount of vertical deflection of the seat pan.
seat pan. Thie design of the EA seat system
.3hould be optimized to Ilimit the dynamic peak The CANIT Seat Pan
response the. pelvic load of the ATl) arid function
within the physical constraints of the aircraft To Investigate the dynamic load -deflectiton
Interior. The load properties of the EA system properties of an EA seat intended to provide a 32
must provide a fo6rce-hiiniting system that will Gs vertical impact load Injury protection, a
effect. a peak response of less than 15500 pounds research prograrn was initifat ed In 1989 by CAMlI's
rn the pelvi load cell, and the resulting deflec- Biodynarnics Research Section, with participa-

tion (or stroke) must be limited to the volume of tion from memnbers of the GeneralAviation Manu-
space beneath thte seat pan In the aircraft instal- factwrers Association (GAMA). Tests conducted
lation. with current production seats were not success-

ful in mneeting the Part 23 vertical test require-.
A commy~on char-acteristic of many commuter ments, anid attempts to modify thle produe't fiol

airplane1C paIssenger Fseats I s the limited available seats dlid xiot )rodultce satisfactory rsults. T
spa ze beneath the scat pan., Seats may be at-, m~eet the p~roject goal of a satisfactory "32 Gs
tached to the wall ot the cabin interior with less seat," a seat frame was constructed at CAMI to
thao~ six Inches of verticai cicarance between the funlction d asi teSL fixtunre or the deve-lopmnclt of
outboard scat pan frame land the ct-rved interiot an EAscat p-an system).

fir, the tusriJage. Offhers nrly bc positionc Ie
with tht seat pan directly over7 raLsedsections of The compoiients c3ý thle C.AM seat, 'shown ill
the cabir. floor witht very limited clearance be- Figime 2, were not i-nodelrd after a particular
neiih the pan.. A crashwoitimy commuater seat pi-oduction scat; rallier, the base traine was
dvvelope~d to ineet the suggested 32 Gs see~ydesigxied io accormodAxte an E.A system anid

L21
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provide adequate dimensions and strength to consists of a pair ofwire loops ;outed over rollrs
evaluate a range of Impact conditions. A seat withinthereartubeoftheseatpalI. Thelefi a.1d
back and three-point restraint system weie right wires are placed over a common roller in
obtained from a salvaged passenger seat for a the center of the rear tube, and each wire exits
small aircraft. Theseatcushionwasconstructed the rear tube ovczr a 'oller on each end; from
with a two inch thick layer of Ensolite beneath a therc the lcop on each wire passes through a
one inch pad of soft foam. shackle attached to the upper rear corner of the

base frame. /eirtical forces reacted at the rear of
"The EA system chosen for this project was a the seat pan pull the wires through the path over

dual mechanism design. A torsional EA device rollers, bending each wire around the radius of
supported the front oft he seat pan and was con- the rollers. As the wires are pulled through the
nected to the seat base frame by pivot arms at rollers, the seat pan moves downward. The force
each side of the front of the pan. A wire bending to maintain the wire bending action is constant
FA device linked the rear corners of the seat pan and may be altered by the type and size of wires
to the base frame. '1hese EA mechanisms were installed.
chosen because tiey were simple to construct
with commonly stocked materials. The seat pan The -variables that could affect the force-
diaphragm was a rigid aluminum plate. Al- deflection parameters of the system were: (a) the
though no detat1(d evgineering design or model- size of the torsion rod on the front of the seat
ing analysis was performed, laboratory experi- pan, (b) the diameter and material of the wires In
ence with sh-xi'lar devices provided a rational the wire bending mechanism. (c) the angle of the
basis with which to evaluate these devices. The seat pan (adjusted by the pivot arms attach-
torsional LAwas comprised of a square steel rod ment), and (d) the seat cushion. Various combi-
secured by a fixed guide in the center of the front nations of torsion rod arid wire sizes were evalu-
tube of the seat pan. The ends of the steel vod ated during the trial tests with this seat pan. The
attach to the pivot arms connected to the base best performance was achieved with a 0.375
frame. As vertical forces are reacted at the front inch square torsion bar in combination with
of the seat pan, the pivot arms rotate downward, .092 inch diameter welding rod for the wire
twisting the steel rod between the center guide bender. Static load deflection curves for this
block and the pivot arms on either end. The wire arrangement are shown in Figures 3 and 4,
bending KA device on the rear of the seat pan

Force vs Deflection Force vs Def'lection
CAMI EA Seat Pan (Rear EA Only) CAMI FA Seat Pan (FRrn and Rear EAs)
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The force required to stroke the wire bending •Sigure 5 shows the impact sled setup with this
EA was approximately 1400 pounds with the seat for the vertical impact test specified fnr the
load applied at the aft edge of the seat pan. With FARs and pioposed for commuter seats, Thi-s
a static force applied at a point 6.5 hnches facility uses a horizontal deceleration systm to
forward of the aft edge of the seat pan, the force implement controlled Impact tests. The sled is
deflection curve for the seat pan exhibits a two accelerated tc dte desired velocity on parallel
step action. An initial plateau occurs at around circular rails using a cable and pulley system
1200 pounds for the first two Inches of pan atfa-ehed to a falling weight. Thie tenision in the
stroke as the torsional EA activates, allowing the cable Lecomes slack as the sled nears the brake
front of the pan to rotate down. Then the wire device, which consists of a set of 0.235 inch
bending EA starts stroking and a second force diameter steel wires placed across the track
plateau at approximately 2200 pounds is main- rails. As the sled coasts at a constant velocity
tained as the static load poLai moves vertically into contact with the wires in, the brake, the
beyond 3.5 inches for the remaining seat pan wires are pulled through rolle's fixed on each
stroke. Since the initial pitch of the seat pan was side of the track. The action of pulling the brake
about 20 degrees above horizontal, the vertical wires through the rollers c'reates a deceleration
displacement of the front edge of the pan was not force; and the deceieratlon pulse shape Is con-
considered to be as significant as the rear edge trolled by the number, spacing, and length of
mnovement Into the volume withir, the seat base wires placed in the brake. The pitched fixture.
frame. shown in Figure 5, positioned the seat In a 30

degrees ihosec down orientatiorn relative to the
Dynamic Tests velocity and deceleration vector of the sled, A

flfticth percentile Hybrid I! AfT[ was, used as the
Dynamic Impact tests of the CAIMI FA seat occilpant.

were conducted on the CAMI impact track.

""A"

~Figure 5l



TEST PEAK A'ERAGE VELOCITY PELVIC SEAT PAN
NUMBER SLED X SLED X (f/s) FZ (Ibs., STHOKE

(G.) (Gs) (inches)

A89116 33.4 19.1 31.0 1371 6.3

A89156 15.6 8.4 8.4 e26 1.0

A89157 2'.8 14.5 14.5 1093 3.5

A89159 24.8 11.8 i1 '8 1178 2.4

LI- -

Table 1

Table 1 lists four of the tests conducted with occurred during the static force-deflection test.
this seat. Figures 6, 7, and 8 present the perti- First, the torsional EA activated, allowing the
ner., data acqulred during the impact tests. Test front of the seat pan to rotate down approxd-
A89116 was conducted with a peak deceleration mately 3 inches, followed by the wi e bending EA
of 33 Gs and a velocity of 31 ft/sec. The peak action as the rear of the seat pan moved down
pelvic compressive force neasured 1371 pounds, 6.3 Inches. This sequence of actions by tb e front
and the rear edge of the seat pan stroked 6.3 and rear FAs resulted In a rot ational motion by
inches downward. The motion of the seat pan the seat pan. The front edge rotated through an
during the impact resembled the sequence that arc with a radius defined by the- plvo arms on

Sled Deceleration 1
CAMI EA Seat Pan Tests
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the front of ithe pan. Then. the rear edge rotated RESULTS AND DISCUSSION
about the axis of thev torsion rod. The pcilk pelvic
force responses from the other three tests listed Tests M89156 and A,99157 were- condu<tcd
in Table I were all withint the 1.500 pounrd Itmit, with impact condIitions conforming to the re-
and the vertical stroke distance of the seat. pa-ox quirement. for FAR Part 23 pussenger and pilot
rear edge ranged from 1.0 to 3.5 inches. As szats respeý:tively. The same KA stiý,Zfre ZnF--ý"
expected. flie amount of seat pan stroke de- tomilon rod, as used in test A89 116, were in-
creased as the. severit~y of the impact decreased. stalled for these tests. Test A89159 was con-
In each test the same sequence of EA actio~is ducted with a peak deceleration of 24.8 Cs to
o(,curred: the front EA activated first; ther? the obtain data from an impact severity between the
wixe bender started to stroke. 19 Gs, of test A89 156 and the 32 Gs of test

A891 16.
Because these were niot pure vertical tests,

the horizontal component of deceleration re- As shown In Figfure 8, the seat pan vertical
suited'in a slight forward translation of the ATD. displacement. during test A.89157 was more
It was Important to keep the AT[) in the normal than the displacement recorded during the higher
position over the cushion because the rear EA peak deceleration in test A89 159. This may be
effectiveness decreases as the verticaliload trans- due to the sled decelerationl Pulse shapes
nitfted t~o the seat pan moves forward. The lap achieved in these two tests. Figure 6 shows the
belts were attached to the seat pan to limit Sled X pulse fromi A89 157 had a rounded peak
forward movement of the ATD's pelvic section with a .040 second piateau a.t the level of 20 Gs.
during seat pan stroking action. Attachmnent of The Sled X pulsrt from A89 159_ had a shorter
the lap belts to the seat panwas also required to dum, ion peak around 25 Gs vnd rapid post-
maintain the proper belt path over the pelvis, peak decay.

Pelvs Fz Forceses
CAMI EA Seat PC-n Tests
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"T1he relationship between seat pan stroke and Figure 9 shows the relationship between this
deceleration pulse shape for these tests can be calculated energy dissipation rate and the seat
demorstrated by analyzing the time period for pan vertical displacement fo t hese four tests.
the energy applied to the system. These tests The calculated average ener& rates for tests
were conducted with approximately the same A89116 and A89156 were the upper and lower
sled velocity: therefore, the total energy dissi- bounds, as shown. Note the average energy rate
pated by the seat/occupant test specimens was for test A89159 is less than the rate calculated
similar. As the peak Gs of the triangular shaped for test A89157. even though the peak sled
Sled X pulse increased. the time period of the deceleration from test A89159 is greater. This
pulse decreased. The Sled X pulses achieved supports the qualitative analysis of pulse shape
during these tests were riot perfectly symmetri- differences discussed above. Thus, average
cal triangles; therefore, the average rate at which energ.y rate was a significant factor in the per-
the energy was dissipated during the impact formance of the seat pan tested in this series.
interval was calculated by using the following
equation:

AER = ((Gavg x 111 /2) /T

AER = Average Energy Rate
T = Period of Deceleration (sec.)

Seat Pan Vertical Displacements

CAM I EA Seat Pan Tests
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•- .. .... ... --..... .. ---- -- --- ----• ' '€ ' • . . . : . .... : . .

CL-

U) :// N

, - At:31 1f i3 4 -- s 1
I . •M

Figure 8



CAMI EA Seat Pan Tests
Seat Pan Displacement vs Energy Pulse
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CONCLUSIONS pulse shape or a method to measure pulse
severity should be addressed if further research

1. The maximum seat pan vertical displace- or rcgulatoty activities occur.
ment was 6.3 inches during the 32 Gs impact
with this seat pan design. It should not be 3. Tlhe results from the dynamic tests willi
Inferned that this dimension Ls to be, used as a this seat indicate the need for an active energ.
design factor. RaWther, tile vertical displacement absorbing system in or(er toinerit the p)elvic load
can be ;Is mu' ich as G.3 lnhcs witli EA systems lterei0on when a seat is slibt)jmct 1.d to tlhe vertical
that perfohjn in a similar manner. lfconminntcr test orlentatfon oft hei AiR-; at a ptilse severlty32
seats are to he dtveloped to mede a 32 G(svNil -al (Gs anid an nim);pct velocity tIf 32 It/sec. This
impact test condition, Ifhe voluhne aialable for Iroject did (humonstrate a ,LA ýwat pai cama be
seat pan stiroke Into (ihe space brmvlath the seat con.st nmtied with coiniion mattirhis amid per
p)imi should coltof-()r-l to thr d ym1laiic defl.: tion form , I•cto I-1(ily dum-imhg hillme (.' con(ilthins
'hliiacicri!,sth's of the EA syst mii. -al igimig fromin 1, to 32 (;s.

'2. .Semal pan )er-furiaIic., as nictasitied b.y ,4. The ,A y•ystemi dcveloped ()r - his ,- ']t
tArokinig di.stanice a,(l peak Ix tvic fotce, is st;mi- llhlY 11(t i)r-.Ihlc o|)thnatl p,1f i-ill('i', aid' d her

sit lve to Imil'c sl,•wi p . Jfic peak fc,1eL e at h ioul (c.a ,'s e l y iiitih cd;ipa le) of i ii'rt g i tl i i they
( )I 'In ,I)p'ac tes>;i not mit'ee-s,.r;.%ilv r t iejti|rlia t'it-'m-holl with i .i e tel eieltich•rtet . ()mi heatlite

ihlicaittVt)l 0.wthe i :l -,c' lvy. cii i)nic test ,citll that I,.iglit ci ihzt[iwi , ti' 'c ofc 0 hli

ti(,ýts jil o•lV',. pp l.intea ix heal pidea le pe. sx'sysc mt l ksw, ld 'hk. i•ii•collllh, '('dia 11i dtia-
Il . '... , i,..OIt.' ,"" it rdi(i'll ii ca''nu tt i n• iii d(• (eit .lq )h"' t)Itil•,',IIi. thairal ; or)s; !Ar i ie n4) II' the vt-r i'( lh i',• rs'.lTh tAM tkiciiý s r r.ý
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